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Abstract: 
A liquid scintillator-based neutron coincidence counting 
system designed to address a number of safeguards ap-
plications is under development by the IAEA in collabora-
tion with the Joint Research Centre-ITU and Hybrid Instru-
ments LTD. 
Liquid scintillators are a promising technology due to their 
good fast-neutron detection capabilities. The characteristic 
fast response of scintillators is particularly beneficial for co-
incidence counting applications, for which a performance 
level higher than that associated with moderated thermal 
detectors might be expected. Fast neutron detection re-
quires no thermalization process and therefore, does not 
incur the resulting neutron detection delays. These fea-
tures reduce the length of the coincidence gate by three 
orders of magnitude, reducing practically to negligible val-
ues the accidental coincidence rate which dominates the 
uncertainty in thermal neutron detectors. Recent progress 
in fast electronic digitizers offers the possibility to perform 
on-line, real-time pulse shape discrimination (PSD) be-
tween gamma and neutron radiation detection, making 
this technology suitable for nuclear safeguards and securi-
ty applications.
This paper will describe the experiments and Monte Carlo 
modelling activities engaged to design a prototype liquid 
scintillator-based neutron coincidence collar for fresh fuel 
assembly verification. 
The characterization of the system response required ac-
curate calibration measurements in order to determine the 
operational parameters of the liquid scintillator cell, includ-
ing gain, pulse shape discrimination and energy 
thresholds. 
Extensive Monte Carlo simulations which are essential for 
the understanding and characterization of the system’s re-
sponse were also carried out using the MCNPX-PoliMi 
Monte Carlo code to simulate the radiation transport within 
the system and to optimize the detector design. The evolu-
tion from the different detector configurations we investi-
gated to the characteristic features of the final design will 
be described.  
Keywords: non-destructive assay; neutron detection; co-
incidence counting; liquid scintillators; Monte Carlo 
modelling. 
1. Introduction
Neutron coincidence counting is a well-known measure-
ment technique commonly used in nuclear safeguards for 
the verification of the declared quantity of special nuclear 
material. 
The technique relies on the detection of time-correlated 
neutrons from either spontaneous or neutron induced fis-
sions occurring in a nuclear material containing fissile or 
fissionable material such as uranium and plutonium. In the 
presence of a well-known calibration curve, the rate of co-
incident neutron detection events can be directly related to 
the mass of such isotopes in the investigated material. 
In order to detect neutrons, currently deployed coinci-
dence counters rely on the use of 3He gas, due to its high 
cross section for thermal neutron captures and low sensi-
tivity for gamma-rays. The recently increased demand for 
3He-based neutron detectors, in particular for nuclear se-
curity applications, coupled with the limited production of 
3He, has made this gas practically unavailable, creating the 
need to search for alternative neutron detection solutions.
The International Atomic Energy Agency, in collaboration 
with the Joint Research Centre - Institute for Transuranium 
Elements and Hybrid Instruments LTD is developing a liq-
uid scintillator-based neutron coincidence counter to re-
place the current deployed systems for safeguards 
applications.
The choice of liquid scintillators as a suitable 3He alterna-
tive for this particular application was motivated by the 
very fast response of this detection medium. In addition, 
improved  performance as compared to classical 3He 
counters is expected with regard to measurement time 
and related statistics. Fast neutron detection requires no 
thermalization process and therefore, does not incur the 
resulting neutron detection delays (i.e., die-away time). 
These features reduce the length of the coincidence gate 
by three orders of magnitude, reducing practically to negli-
gible values the accidental coincidence rate which domi-
nates the uncertainty in thermal neutron detectors. Recent 
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progress in fast electronic digitizers offers the possibility to 
perform on-line, real-time pulse shape discrimination (PSD) 
between gamma and neutron radiation detection events, 
making this technology suitable for nuclear safeguards 
and security applications.
The characterization of the performance of the system and 
its design optimization were performed by means of Monte 
Carlo simulations. Simulations were performed with the 
MCNPX-PoliMi code [1], a Monte Carlo modelling tool de-
veloped to simulate detectors response, combined with a 
post-processing code developed at the JRC-ITU Ispra. 
Prior work in post processing for liquid scintillator was tak-
en as reference in the development of the JRC code [2]. 
Due to the expected non-linearity of the light output func-
tion (LOF) of a scintillator, i.e. non-linear transfer of the de-
posited energy to the light output, each single collision oc-
curring within the effective detection volume has to be 
evaluated separately. Depending on the incident particle 
type and the target atom, the energy deposited is convert-
ed into scintillation light with the detector-specific light con-
version formula. The amount of light produced by subse-
quent collisions occurring within a specific pulse-rise time 
are summed to generate pulses which are then processed 
by the PSD electronics. The post-processor code includes 
modules to apply the conversion from deposited energy to 
light and to identify coincident events within multiple de-
tector cells. A validation of the simulations was performed 
on a small scale coincidence system (composed of two 
liquid scintillator cells) proving that the modelling reproduc-
es the expected detector response.
2. Liquid scintillator cell characterization
2.1 Measurements set-up
The prototype system is composed of an array of EJ-309 
liquid scintillator cells, with cubic geometry of 10 cm width, 
a multichannel real-time pulse shape discrimination (PSD) 
system, and a high-speed data acquisition and signal pro-
cessing system to compute coincidences. The detailed 
design and electronics setup is discussed by Lavietes et 
al. [3].
A prototype liquid scintillator cell which has the same ge-
ometry and size as the one we foresee to use for the full-
scale system was characterized at the JRC-ITU laborato-
ries in Ispra, at the JRC-IRMM in Geel as well as at the 
PTB facilities in Braunschweig, Germany. Radionuclide 
gamma sources and monoenergetic neutron beams were 
used in order to determine the response of the detector to 
different radiation types and energies. In the following sec-
tion only the results obtained at JRC-ITU are discussed.
For the coincidence validation measurements, a second 
EJ-309 liquid scintillator of cylindrical geometry (5 inches 
diameter and 3 inches length) was used. 
2.2 Operating Voltage
The selection of the optimal operating voltage for the de-
tector was primarily based on a study of the detector reso-
lution and linearity of the response to gamma rays. Meas-
urements were performed with a 137Cs, 22Na and 232U 
source. Figure 2 shows the measured relative FWHM at 
the Compton edge with respect to the applied voltage for 
three gamma energies. In addition, an AmBe (α,n) source 
was used to determine the response for higher energy 
gamma rays (Compton edge energy 4201 KeV) and to ver-
ify the performance of the detector with respect to pulse 
shape discrimination. As expected, the resolution im-
proves by increasing the high voltage. The best resolution 
and linearity of the detector response was observed at 
-1250 V. Measurements with the AmBe neutron source 
confirmed that this voltage also results in an optimal per-
formance with respect to pulse shape discrimination.
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Figure 1. Relative FWHM with respect to applied High Voltage for 
three different Compton edge energies. 
2.3 Pulse Shape Discrimination
The pulse shape discrimination (PSD) electronics imple-
mented in the system is based on a comparison of the 
peak amplitude to the amplitude in the decay face of the 
pulse, i.e. the amplitude at 16 ns after the peak. The latter 
is referred to as discrimination amplitude. This approach 
allows for real-time discrimination between gamma and 
neutron detection events. 
The performance of the PSD technique for measurements 
with a 252Cf source is illustrated in Fig. 2. For each detected 
event the peak amplitude is plotted as a function of the 
discrimination amplitude. In this plot two clouds of events 
can be observed. The discrimination between the two 
clouds is given by a line with two segments, defined by the 
points A, B and C. Based on this discrimination criterion 
events due to the detection of a neutron (blue points) can 
be separated from those resulting from the detection of a 
gamma ray (red points).
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Figure 2. Typical PSD graph for a 252Cf measurements. Gamma 
pulses are shown in red, neutron pulses in blue. Amplitudes as 
measured in digitizer units.
Optimization of the PSD was obtained by varying the slope 
of the A-B discrimination line (i.e. by variation of the x-coor-
dinate of the A point), and analyzing the PSD response of 
the system in terms of neutron intrinsic efficiency and 
gamma rejection rate. The gamma rejection rate (GARR), 
defined as the ratio of misclassified neutrons in the pres-
ence of a pure gamma source to the totals detected puls-
es, can be written as:
 
It is well known that the most probable misclassification of 
neutron and gamma events occurs in the low energy re-
gion, therefore the GARR was computed for a measure-
ment with an 241Am source. Background neutrons are in-
cluded in the total neutron counts for the calculation of the 
GARR. However, in the low energy region, their contribu-
tion is negligible since the most neutron counts are given 
by misclassified gammas. The intrinsic efficiency values 
are derived by a measurement with a 252Cf source. For 
these measurements, the light energy threshold, which will 
be described in more detail in a following section, was set 
to 385 electron equivalent keV (keVee, i.e. light generated 
by an electron depositing 1  keV of energy in the 
scintillator). Figure 3 represents the resulting Figure of Mer-
it of this analysis. The resulting PSD settings were deter-
mined by an optimization of neutron detection efficiency 
and gamma rejection. For the selected setting, the neutron 
intrinsic efficiency is 14% and the GARR is 0.05%.
0 0.2 0.4 0.6 0.8 1 1.2 1.4
0
5
10
15
20
25
30
241 Am Gamma Rejection Rate [%]
25
2 C
f N
eu
tro
n 
In
tri
ns
ic
 
e
ci
en
cy
 
[%
]
Operating Parameter 
Figure 3. PSD Figure of Merit showing the GARR and the neutron 
intrinsic efficiency response at the variation of the Ax discrimina-
tion parameter. The red circle represents the operating parameter. 
2.4 Validation of simulated detector response
The scintillation response of the detector, in terms of light 
production per incident particle and energy,  is required for 
reliable simulation of the detector’s response. Liquid scin-
tillators typically present a linear response for gammas, 
whereas the light produced by protons and heavier parti-
cles varies non-linearly with the energy deposited [4]. The 
light output function (LOF) for recoil protons (the detection 
mechanism for neutrons) depends on the liquid type, the 
cell geometry and the cell–photomultiplier coupling. The 
LOF for cylindrical EJ-309 liquid scintillator of different di-
ameters has been already reported by Pozzi et al. [5, 6], 
but the particular geometry of our detector requires a spe-
cific derivation of its light response. 
The calibration measurements were performed at the PTB 
laboratories in Braunschweig, Germany, and consisted in 
time-of-flight measurements using the PTB cyclotron and 
measurements with quasi-monoenergetic neutron beams 
at the PTB Van Der Graaf f accelerator. Fur ther 
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Figure 4. Measured (black line) and simulated (red dots) pulse height spectra for a 137Cs source (left) and a 60Co source (right).
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measurements were performed at the JRC-IRMM in Geel 
and at the JRC-ITU in Ispra to verify the experimental LOF 
against full neutron spectra from AmBe and AmLi sources. 
The analysis of the data is still in progress. We report here 
on results obtained with a LOF obtained following a prelim-
inary analysis of the data. A detailed discussion on the re-
sults of these experiments together with the experimental 
response matrix and resulting LOF for electrons and pro-
tons will be subject of a separate publication.
The results of the Monte Carlo simulations have been vali-
dated by comparing the simulated and experimental re-
sponse for gamma rays from a 137Cs and 60Co source and 
for neutrons from a 252Cf spontaneous fission source. The 
results of the gamma ray measurements were used to de-
termine the   conversion factor that relates the observed 
amplitude to an electron equivalent light output for the 
data acquisition system.
Figure 4 compares the measured and simulated pulse 
height spectra for 137Cs and 60Co sources. The positions of 
the Compton edges observable in the graphs are shifted 
with respect to the true Compton edges values by the de-
tector resolution. Above a light output of approximately 
380 electron equivalent keV there is a good agreement be-
tween the shape of the simulated and experimental re-
sponse. The simulated response, however, is overestimat-
ed by at least 15%. This bias is much larger than the 
uncertainty due to the counting statistics on the detection 
efficiency, which is about 2%. This bias is probably due to 
an overestimation of the effective detection volume, i.e. the 
effective volume of the scintillation liquid. Below a light out-
put of about 380 keV the simulated response is lower 
compared to the experimental one. This might be due to a 
background component that is not properly accounted for 
or due to noise on the detector signal introduced by the 
electronics.
Fig.5 compares the simulated and experimental response 
for the detection of neutrons emitted by a 252Cf source as a 
function of the light output. The figure indicates a good 
agreement in shape above 600 keV electron equivalent 
light output. 
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Figure 5. Measured (black line) and simulated (red dots) neutrons 
pulse height spectra for a Cf252 source.
2.5 Energy threshold
A fundamental parameter to use the scintillation detector 
as part of a counting system for the control of nuclear ma-
terial is the energy threshold or discrimination level on the 
light output. This level, which reflects the minimum detect-
able light output, is an adjustable parameter of the elec-
tronic settings. 
The pulse height spectrum shown in figures 4 and 5 were 
taken with the minimum electronic threshold setting. This 
level was choosen to reduce the noise to an acceptable 
level compared to the measured signal. The threshold 
used in the counting experiments corresponds to the mini-
mum light output where the calculated spectrum still 
agrees with the experimental values. 
As can be noted in Figures 4 and 5, the threshold of the elec-
tronics used does not result in a sharp edge on the left side 
of the pulse height spectrum, but it rather presents some 
broadening effect. This effect is due to a systematic behavior 
of the acquisition electronics, which introduces a bias in the 
threshold determination. Further developments in the acquisi-
tion electronics are planned in order to address this issue. 
In this work, we derived the energy threshold value with a dif-
ferent approach, that is by matching the integral of the simu-
lated response evaluated at different low energy thresholds 
with the total measured counts. Considering the pulse height 
spectra for 252Cf reported in figure 5, the value that matches 
the counts, and thus validates the simulations for the neutron 
intrinsic efficiency of the detector, was found to be 385 elec-
tron equivalent keV, corresponding to a neutron energy of ap-
proximately 1.6 MeV. For the investigated detector and for the 
described setup we observed quite poor performance with 
respect to neutron detection efficiency at low energies, 
meaning that the minimum detectable energy is, by default, 
very high. Further adjustments in the electronic settings can 
only be applied to increase this threshold. However, this limit 
is strongly related to the electronics that is used and does not 
correspond to the lower limit due to the intrinsic detector 
characteristics. A possible solution to decrease the lower lim-
it is to either use electronics with different dynamic ranges or 
increase the high voltage and use multiple outputs at different 
stages of the photo-multiplier tube. 
2.6 Validation of coincidence on a two-cell detection 
system
In order to validate the procedure to simulate coincident 
events, measurements were carried out with two liquid scin-
tillator cells, a 252Cf source placed at 10 cm from each cell, 
and increasing thicknesses of lead shielding to study the ef-
fect of gamma pile-up. The second cell used for these 
measurement was a cylindrical 5’’ x 3‘’ EJ-309 scintillator. 
For the simulation of the cylindrical detector response, the 
light output function was taken from literature data [5] 
whereas its energy threshold was set to 155 electron equiv-
alent keV. Fig. 6 shows a part of the experimental set-up.  
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Figure 7. Measured and simulated totals (left) and reals (right) counts rates for the coincidences validation measurements with 252Cf and 
different lead shielding of different thicknesses. Real count rates are corrected for Accidentals coincidences.
Figure 6. Experimental configuration for the coincidence valida-
tion measurements with Cf252. The source to detector distance is 
10 cm. 
Results of the validation measurements and simulations 
are shown in figure 7. While the total count rate is overes-
timated by about 5-10% in the results (and is explained 
by the effective scintillator volume overestimation dis-
cussed in par. 2.4), the real count rates are underestimat-
ed by a factor of about 20%. This inconsistency in system 
response will be further analyzed in a wider range of neu-
tron energies with coincidence validation experiments us-
ing plutonium oxides and AmLi sources to evaluate 
cross-talk effects.
3. Response of the full-system prototype 
Figure 8 (left) shows the proposed design of the prototype 
liquid scintillator based coincidence collar. 
It comprises 12 liquid scintillator cells of approximately 
1 liter volume each, arranged on three sides of the col-
lar. The fourth side is designed to accommodate an 
AmLi interrogation source. The cells and source are em-
bedded in a 10 cm thick high density polyethylene 
(HDPE) wall to moderate the neutrons from the AmLi 
source. Moderation of the interrogating neutrons will re-
sult in decrease of the average energy and consequent-
ly in a substantial increase of the average cross section 
for neutron induced fission in the fuel assembly. A 1 cm 
HDPE interspace between neighboring cells is foreseen 
to reduce cross-talk events. The internal cavity accom-
modating the fuel element is surrounded by a 4 mm 
layer of lead to reduce the gamma rate at the detectors 
and by a removable 1 mm thick layer of cadmium used 
to switch the system to a “fast” configuration when 
measuring fuel assemblies with neutron poison. The fast 
configuration significantly reduces the neutron poison 
effects by absorbing interrogation neutrons below the 
cadmium cut-off energy of about 0.55 eV.
Extensive MCNPX-PoliMi simulations were performed to 
characterize the system response and optimize the de-
sign. For this study, a typical PWR fuel element has 
been modeled. The data of the modeled fuel as well as 
the intensity of the interrogation source were taken from 
[7]. Figure 8 (right) shows a section of the simulated ge-
ometry perpendicular to the fuel element length. 
In the next sections the total count rate is denoted by T, 
the net coincident count rate by R and the count rate due 
to accidental coincident events by A.
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In thermal neutron coincidence counters, for a given meas-
urement time t, the uncertainty due to counting statistics on 
the Reals count is dominated by the Accidental count which 
is, in its turn, driven by the interrogation source:

R
A R
R t
=
+
⋅
2
This effect leads to poor statistics and thus long measure-
ment times which are necessary in order to achieve the 
1% uncertainty due to counting statistics. One intrinsic ad-
vantage of liquid scintillators is that the exceptionally short 
coincidence window given by the detection of fast neu-
trons leads to smaller accidental rates. To give an exam-
ple, the coincidence time gates in liquid scintillator is of the 
order of tens of nanoseconds, whereas tens of microsec-
onds are needed in 3He systems as to account for the 
neutron thermalization process. 
3.1 Background from interrogating neutron source
A first analysis was performed to determine the interroga-
tion source background (no fuel element in the detector) 
for three different configurations: a bare configuration (no 
surrounding HDPE); a thermal configuration (10 cm thick 
HDPE walls on each side of the collar); and a fast configu-
ration (1 mm internal layer of cadmium to prevent interro-
gation with neutrons with an energy below 0.55 eV). The 
analyses were performed at different energy thresholds to 
define the optimal operating condition of the collar. Figure 
9 shows the results of the simulation. 
The contribution from the AmLi neutron source to coinci-
dent count rate results mainly from neutrons which are 
scattered from one detector to another. In such cases one 
neutron produces a signal in different detectors. This is 
also referred to as cross-talk between detectors.
The bare configuration presents steadily higher influences 
of the interrogation neutrons on the Real count rates. This 
is given by the absence of HDPE-filled interspace between 
neighboring detectors, which act both as a support mate-
rial for the cells, and as a moderator for the neutrons which 
do not come directly from the fuel element cavity, reducing 
their probability of being detected by the scintillators. 
As a result of this analysis, the bare configuration has been 
discarded, and two possible operating settings were iden-
tified for the following analysis on the thermal and fast 
configuration: 
•  0.5 MeV neutron energy threshold: this operational set-
ting reduces to negligible values the cross-talk effect of 
the interrogating source neutrons on the count rate of 
the Reals. This would allow the detector to be calibrated 
against the count rate of the Reals, as in current 3He 
system, minimizing the AmLi source driven Accidentals. 
•  1 MeV to 1.5 MeV neutron energy threshold: this opera-
tional setting reduces to negligible values the influence of 
the interrogating source neutrons on the count rate of 
the Totals. We intend to investigate the possibility of cali-
brating the detector against the count rate of the Totals, 
which are no longer driven by the AmLi interrogation 
source, in order to achieve better statistics in shorter 
measurement time. When using the Totals data, the 
count rate of the Reals would be used as a control infor-
mation to confirm the uranium enrichment of the fuel ele-
ment and verify the absence of any nearby uncorrelated 
neutron source intended to bias the measurements re-
sults in an unattended operational mode. 
Figure 8. Prototype design of the liquid scintillator based coincidence collar (left, bare configuration without surrounding HDPE) and 
simulated geometry with MCNPX-PoliMi (right, thermal configuration with surrounding HDPE), containing reference fuel element and AmLi 
interrogation source. 
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3.2 Prototype response for the verification of a PWR 
fuel assembly
Table 1 shows results of the simulation performed on the 
neutron coincidence collar for the fuel assembly interroga-
tion, and for two defined configurations and at three differ-
ent threshold settings. The enrichment of the fuel is 
3.19 wt%. The uncertainties resulting from only counting 
statistics of all the presented data are below 1%.
Concerning the reals count rates, we observed for both 
configurations that a neutron energy threshold of 0.5 MeV 
is sufficient to reduce the influence of AmLi neutrons 
cross-talk to about 1%. 
The resulting count rates are then directly related to the 
induced fissions in the fuel assembly, and a counting sta-
tistics uncertainty of 1% can be achieved in a few 
minutes.
In absolute values, the AmLi source neutrons detected by 
the scintillators in both configurations are the same, as it 
results from figure 9. In the fast configuration, however, the 
cadmium layer within the cavity reduces the probability of 
AmLi neutrons to induce fissions in the fuel assembly, and 
thus the neutron count rates related to induced fissions in 
the fuel. Consequently, the relative influence of the interro-
gation source neutrons is higher in the fast configuration, 
requiring a higher energy threshold of up to 1.5 MeV (neu-
tron energy) to reduce the AmLi contribution to approxi-
mately 1% of the Totals count rate. At this threshold, less 
than 4  minutes measurement would be necessary to ob-
tain the counts of the Totals at less than 1% relative count-
ing statistics uncertainty. In the same measurement time, 
the counts of the Reals would be determined with a 5% 
uncertainty, providing a good indication regarding the ab-
sence of any uncorrelated sources nearby the collar which 
would bias the measurement.
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Figure 9. Simulated totals (left) and reals (right) counts rates for the liquid scintillator-based collar in three different configurations: bare, 
thermal, and fast. The counts are given only by the AmLi interrogation source – no fuel assembly is present. Thresholds are expressed in 
neutron energy for simplification. 
Table 1. Simulation of the system response in the proposed configurations and three different threshold settings for a 3.19 wt% enriched 
fuel element interrogation. Counting statistics uncertainties of the results are below 1%. Thresholds are expressed in neutron energy for 
simplification.
Threshold Thermal configuration Fast configuration
T [1/s] TAmLi R [1/s] RAmLi T [1/s] TAmLi R [1/s] RAmLi
0.5 MeV 1443 20 % 150 0.12 % 634 70 % 23.0 1.07 %
1.0 MeV 578 3 % 39 0.02 % 119 23 % 6.0 0.23 %
1.5 MeV 313 0.13 % 12 0.02 % 51 1.25 % 1.7 0.16 %
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Table 3 and 4 provide a direct comparison of the achieved 
counting statistic uncertainty of the two systems for both 
thermal and fast configuration interrogation at different 
measurements times. Fast configuration is usually more 
time-consuming than the thermal configuration, therefore it 
is the most critical for this analysis.
Table 3. Counting statistics uncertainty related to different 
measurement times for the 3He based JCC73 and for the liquid 
scintillator-based coincidence counter, both in thermal configu-
ration. Results for the liquid scintillator- based prototype are re-
ported for the Reals mode (threshold set to 0.5 MeV neutron 
energy) and for the Totals mode (threshold set to 1.5 MeV neu-
tron energy).
Measurement  
time
JCC73 σ 
[%]
LS Reals σ 
[%]
LS Totals σ 
[%]
60 s 2.3 1.0 0.7
600 s 0.7 0.3 0.2
Table 4. Counting statistics uncertainty related to different meas-
urement times for the 3He based JCC73 and for the liquid scintil-
lator-based coincidence counter, both in fast configuration. Re-
sults for the liquid scintillator- based prototype are reported for the 
Reals mode (threshold set to 0.5 MeV neutron energy) and for the 
Totals mode (threshold set to 1.5 MeV neutron energy).
Measurement 
time
JCC73 σ 
[%]
LS Reals σ 
[%]
LS Totals σ 
[%]
60 s 14.6 2.7 1.8
600 s 4.6 0.9 0.6
1 h 1.9 0.4 0.2
10 h 0.6 0.1 < 0.1
The advantage of fast neutron detection in liquid scintilla-
tors is clearly reflected in the results: it shows a consistent 
saving in measurement and operational time for the proto-
type system.
4. Conclusions
This paper provides data for the use of liquid scintillators 
as effective 3He replacement technology for nuclear safe-
guards applications, given their good neutron detection ef-
ficiency and gamma ray rejection capabilities.  
We proposed an optimized design for a prototype liquid 
scintillator-based neutron coincidence collar made of 12 
liquid scintillator cells. 
Systematic effects, such as stability of the response with 
respect to high voltage small drifts and environmental 
changes, have not been evaluated in this paper and are 
planned for future work. 
The capabilities of the system were analyzed by Monte 
Carlo simulations using MCNPX-PoliMi code, which 
proved to be an essential tool for simulating the detector 
response. 
The system modelling required accurate characterization 
of the liquid scintillators cell response in terms of light out-
put production for different incident particles and energies, 
and these functions needed to be evaluated separately for 
each cell geometry. 
Finally, a comparison of the proposed prototype with exist-
ing 3He based systems shows promising fast neutron de-
tection characteristics of the liquid scintillator, which is ad-
vantageous in terms of measurement time and related 
statistics, two very important factors in nuclear safeguards 
applications.
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3.3 Comparison with 3He-based systems
In the following section we present a comparison of the 
coincidence collar capabilities with those of a classical 3He 
thermal coincidence collar. 
We simulated the response of two commercially available 
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to the same fuel and the same interrogation source intensi-
ty simulated in the liquid scintillator analysis. Data were 
simulated with the MCNP-pta code [9], that postprocesses 
the coincidence counters response. The results are pre-
sented in table 2. 
Table 2. Simulation of the response of two typical 3He based neutron coincidence collars in thermal and fast configuration for a 3.19 wt% 
enriched fuel element interrogation.
Configuration JCC73 JCC71
T[1/s] R [1/s] A [1/s] T[1/s] R [1/s] A [1/s]
Thermal 2900 190 538 2100 124 282
Fast 1200 12 92 800 6 41
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